Abstract-The performance of Digital Silicon Photomultipliers (dSiPM) coupled to a LYSO array containing 15x15 pixels with a size of 2x2x22 mm 3 is evaluated to determinate their potential for whole body Time of Flight (TOF) PET scanners.
The detector pixels are smaller in size than the light sensors and therefore light spreading is required to determine the crystal where interaction occurred. A light guide of 1 mm was used to spread the light and neighbor logic (NL) configuration were employed to ensure correct crystals identification. We studied the energy resolution and coincidence resolving time (CRT) for different trigger levels. The measured average energy resolution across detector was 14.5 %. Prior to measurements of time resolution skew time calibration of dSiPM was performed. The average CRT achieved using trigger level 1 option was 376 ps FWHM. Finally, we studied the amount of events that are disregarded due to dark count effects for different trigger levels and temperatures. Our studies show that a trade-off must be made between the detector's CRT and sensitivity due to its vulnerability to dark counts. To employ dSiPM in TOF PET systems without 1:1 coupling effective cooling is necessary to limit dark count influence. 
I.

II. MATERIALS AND METHODS
Axial
[mm] One to one coupling between L YSO crystals with 2 mm pitch and dSiPM pixels with 4 mm pitch was not possible.
Therefore, in order to achieve correct crystal identification, a light guide was used to allow light sharing among different dSiPM pixels. In addition, the neighbor logic (NL) feature of the dSiPM was used. Neighbor logic is a configuration option of dSiPM that allows the first successfully triggered and validated die to force all others dies to acquire and process data, bypassing their own trigger and validation routines. That allows to record for each event the dies that collected only a small fraction of light, which in normal acquisition mode (not using NL) would be insufficient to fulfill validation thresholds. 
III. RESULTS
A. Crystal Identification
The resulting flood map is shown in Fig. 2 
D. Influence of Trigger Level on Timing Resolution
We investigated how the different trigger levels change timing resolution of the detector. 
E. Valid Events
As presented in the previous section, to achieve the best CRT it is necessary to work with trigger level l. However working at this level of triggering means that detector is strongly vulnerable to the influence of dark counts because every single dark count will trigger the acquisition sequence of the die and no new events can be measured during recharge routine at the end of that sequence. The acquisition sequence of the dSiPM is presented in Fig. 9 . Those events will be normally discarded inside validation step and the die will be recharged. During the recharging process, the die is not able to record new events so if a different die is validated during that time, the information from the recharging die will not be available. If that situation occurs in a die located close to the crystal emitting the light, an important fraction of optical photons would be lost. The probability of such situation depends on the trigger level set for the acquisition and the dark count rate, which depends on the temperature. In addition, the crystals at the center of the detector share the light into more dies increasing the probability of losing a fraction of the light compared to crystals closer to the edges. This effect can be observed in Fig   2 where the crystals on the edges are more intense than the ones in the center of the array. (a) Fig. 10 . Examples of recorded events where all dies were available during photon detection (a) where one die (orange box) adjacent to the place of gamma interaction was lost (b). Color scale represents number of recorded optical photons in dSiPM's pixels (8x8). Fig. 10 (a) shows one event where all dies were recorded together while Fig. 10 (b) shows one event where one die was lost due to the process previously explained. It can be noticed that an important fraction of the light is lost in this last scenario. Using such kind of events will result in a degradation of the energy resolution and crystal identification. For this reason, in all presented results of this study we discarded all the events, when at least one die adjacent to the crystal in which gamma interaction took place was missing. 
IV. CONCLUSION
We made an evaluation of the performance of dSiPM coupled to a 15x15 pixelated LYSO array with 2x2x22 mm 3 , pixel size for TOF-PET scanners. Due to the lack of one-to one coupling, a light guide was needed for correct crystal identification along with the use neighbor logic feature of the dSiPM. The measured average energy resolution across the detector was 14.5 %. The average CRT achieved using trigger level 1 option was 376 ps FWHM.
Our study shows that a trigger level 1 or 2 must be used to obtain CRT values similar to state of the art TOF-PET scanners. However, due to the light sharing needed for correct crystal identification, the fraction of valid events is strongly dependent on the dark count rate and the trigger level.
Therefore, a trade-off between CRT and fraction of valid events has to be done. The fraction of accepted events in low trigger level acquisition mode can be increased by measuring at a lower temperature in order to reduce the dark count rate.
